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YDOXHVIRUHDFKFHOO OLQH'DWDZDVSORWWHGLQ*UDSKSDG3ULVPDQGSYDOXHV!DGMXVWHG ? ? ?
IRU %HQMDPLQL+RFKEHUJ )DOVH 'LVFRYHU\ 5DWH ZHUH GHILQHG DV VLJQLILFDQW 5HODWLYH ? ? ?
TXDQWLILFDWLRQZDVDOVRFDUULHGRXWXVLQJWKHFRPSDUDWLYH&Wǻǻ&WPHWKRGWRFDOFXODWHIROG ? ? ?
FKDQJHVLQH[SUHVVLRQEHWZHHQFRQWURODQG$'3.'VDPSOHV ? ? ?
 ? ? ?
6PDOO,QWHUIHULQJVL51$NQRFNGRZQ ? ? ?
,VRIRUPVSHFLILF VL51$ WR KXPDQ (UE% ZDV FKHPLFDOO\ V\QWKHVL]HG E\ &HOO 6LJQDOOLQJ ? ? ?
7HFKQRORJ\$ VFUDPEOHGQHJDWLYH FRQWURO VL51$ 6LOHQFHUZDV SXUFKDVHG IURP $PELRQ ? ? ?
7UDQVIHFWLRQRIVL51$LQWRFHOOVZDVDFKLHYHGXVLQJ51$L0D[UHDJHQW/LIH7HFKQRORJLHV ? ? ?
.QRFNGRZQZDVFRQILUPHGE\T3&5KSRVWWUDQVIHFWLRQ ? ? ?
 ? ? ?
,PPXQREORWWLQJ ? ? ?
7RWDOFHOOO\VDWHVZHUHSUHSDUHGDQGSURFHVVHGIRULPPXQRSUHFLSLWDWLRQDQG:HVWHUQEORWWLQJ ? ? ?
DVGHVFULEHGSUHYLRXVO\ &HOOVZHUH VROXELOL]HG LQGHWHUJHQW O\VLVEXIIHU P07ULV ? ? ?
 0 1D&O  7ULWRQ ; DQG  13 VXSSOHPHQWHG ZLWK &RPSOHWH SURWHDVH ? ? ?
LQKLELWRUV DQG 3KRV6WRS SKRVSKDWDVH LQKLELWRUV 5RFKH 'LDJQRVWLFV 0DQQKHLP *HUPDQ\ ? ? ?
&RPPHUFLDO DQWLERGLHV DJDLQVW WKH &WHUPLQXV RI (UE% (3< SKRVSKR(UE%< ? ? ?
(35< $EFDP 8. FDOQH[LQ S$.7 WRWDO $.7 S(5. DQG WRWDO (5. &HOO ? ? ?
6LJQDOOLQJ 86$ ZHUH XVHG IRU ZHVWHUQ EORWWLQJ (&/ GHWHFWLRQ DQG TXDQWLILFDWLRQ ZDV ? ? ?
FDUULHG RXW XVLQJ D %LRUDG &KHPLGRF ;56 V\VWHP UXQQLQJ ,PDJH /DE DXWRPDWHG LPDJH ? ? ?
FDSWXUHDQGDQDO\VLVVRIWZDUH$OOTXDQWLILFDWLRQZDVFDUULHGRXWRQQRQVDWXUDWHGEDQGVDV ? ? ?
GHWHUPLQHGE\WKHVRIWZDUH'DWDLVSUHVHQWHGDVWKHUDWLRRI(UE%WRFDOQH[LQ ? ? ?
 ? ? ?
 ?

 ? ? ?
,PPXQRKLVWRFKHPLVWU\ ? ? ?
$UFKLYDO QHSKUHFWRP\ VHFWLRQV ZHUH REWDLQHG IURP  $'3.' SDWLHQWV ZLWK NQRZQ ? ? ?
WUXQFDWLQJ PKD1 PXWDWLRQV DQG IURP  FRQWURO SDWLHQWV  0RXVH NLGQH\ WLVVXH IURP ? ? ?
Cre;Pkd1
del2–11,lox PLFHZHUHREWDLQHGDWDQGPRQWKVSRVWWDPR[LIHQWUHDWPHQWQ  ? ? ?
)RUPDOLQIL[HG SDUDIILQ VHFWLRQV ZHUH GHZD[HG DQG K\GUDWHG WKURXJK JUDGHG HWKDQRO ? ? ?
VROXWLRQV)RUDQWLJHQUHWULHYDOWKHVHFWLRQVZHUHSODFHGLQP0FLWULFDFLGEXIIHUS+ ? ? ?
DQG LQFXEDWHG LQ D SUHKHDWHG ZDWHUEDWK PDLQWDLQHG DW & IRU  PLQ (QGRJHQRXV ? ? ?
SHUR[LGDVH DFWLYLW\ ZDV TXHQFKHG E\ WUHDWPHQW ZLWK PHWKDQRO FRQWDLQLQJ  K\GURJHQ ? ? ?
SHUR[LGH IRU  P 6HFWLRQV ZHUH WKHQ LQFXEDWHG LQ GLOXWHG EORFNLQJ VHUXP IRU  P ? ? ?
IROORZHGE\ LQFXEDWLRQRYHUQLJKW DW&ZLWK(UE%DQWLERG\ GLOXWLRQ)RUKXPDQ ? ? ?
DQGPRXVHNLGQH\VHFWLRQVDSHUR[LGDVHFRQMXJDWHGVHFRQGDU\DQWLERG\ZDVHPSOR\HGDQG ? ? ?
SHUR[LGDVH DFWLYLW\ ZDV YLVXDOLVHG XVLQJ D VXEVWUDWH VROXWLRQ RI GLDPLQREHQ]LGLQH '$% ? ? ?
FRQWDLQLQJ  K\GURJHQ SHUR[LGH 1HJDWLYH FRQWURO VHFWLRQV ZHUH SURFHVVHG ZLWK ? ? ?
RPLVVLRQRIWKHSULPDU\DQWLERG\DQGDQRQLPPXQH,J*$OOVHFWLRQVZHUHFRXQWHUVWDLQHGLQ ? ? ?
KDHPDWR[\OLQ ? ? ?
 ? ? ?
/XFLIHUDVH5HSRUWHU$VVD\ ? ? ?
$ESIUDJPHQWRIWKH¶875RI(UE%FRQWDLQLQJDSUHGLFWHGPLUESVHHGVHTXHQFH ? ? ?
ZDVDPSOLILHGIURP51$H[WUDFWHGIURP+(.FHOOVE\3&5XVLQJWKHIROORZLQJSULPHUV ? ? ?
)RUZDUG **7&*7*$*&7&&$&$&&7*&7&&$$777&&&& ? ? ?
5HYHUVH &7&*7$&7&*$*$7*&$&$&$7&$*77&&7*& ? ? ?
 ? ?

)ROORZLQJ UHYHUVH WUDQVFULSWLRQ (UE% ¶875 F'1$ ZDV VXEFORQHG LQWR D SPLU*/2 ? ? ?
UHSRUWHUSODVPLG3URPHJD7KHSUHGLFWHGPLUESVHHGVHTXHQFHZDVPXWDWHGXVLQJWKH ? ? ?
IROORZLQJSULPHUVDFFRUGLQJWRWKH6WUDWDJHQHVLWHGLUHFWHGPXWDJHQHVLVSURWRFRO ? ? ?
)RUZDUG &77&&77&7$&&&&$$**&*7&7&*7777*$&$&77&&&$* ? ? ?
5HYHUVH &7***$$*7*7&$$$$&*$$*$&*&&77****7$*$$**$$* ? ? ?
)RUWKHOXFLIHUDVHDVVD\+(.FHOOVZHUHSODWHGLQWRDZHOOSODWHDWFHOOVZHOO ? ? ?
WKHGD\EHIRUHWUDQVIHFWLRQ)RUUHSOLFDWHV/RI/LSRIHFWDPLQHUHDJHQWZDVPL[HG ? ? ?
WR/RI2SWL0(0PHGLXPDQGJRISF'1$QJSPLU*/2YHFWRUWRJHWKHU ? ? ?
ZLWKQHJDWLYHFRQWUROPL51$RUDPLUESPLPLFDW D ILQDO FRQFHQWUDWLRQRIRU ? ? ?
Q0KDIWHUWUDQVIHFWLRQWKHOXFLIHUDVHUHQLOODVLJQDOVUDWLRVZHUHPHDVXUHGXVLQJWKH'XDO ? ? ?
/XFLIHUDVH5HSRUWHU$VVD\IURP3URPHJD/RI3DVVLYH/\VLV%XIIHUZDVDGGHGGLUHFWO\ ? ? ?
LQWRWKHZHOOVWRO\VDWHWKHFHOOVDQG/IURPHDFKZHOOZHUHXVHGIRUVLJQDOGHWHFWLRQZLWK ? ? ?
D3HUNLQ(OPHUOXPLQRPHWHU ? ? ?
 ? ? ?
(UE%IXQFWLRQDOLQKLELWLRQDVVD\V ? ? ?
&RQWURO DQG $'3.' FHOOV ZHUH SODWHG DW  FHOOVZHOO LQ D ZHOO SODWH &HOOV ZHUH ? ? ?
LQFXEDWHG ZLWK D SDQ(UE% LQKLELWRU LQFOXGLQJ WR (UE% -1-  K\GURFKORULGH ? ? ?
7RFULV86$IRUKDQLQKLELWRU\(UE%DQWLERG\FORQH+0LOOLSRUH86$RUQRQ ? ? ?
LPPXQHFRQWUROUDEELWDQWLERG\IRUK7RWHVWWKHHIIHFWRIWKH(UE%OLJDQG15*FHOOV ? ? ?
ZHUH VHUXP VWDUYHG IRU  K SULRU WR LQFXEDWLRQ ZLWK  QJPO 15* &HOO 6LJQDOOLQJ ? ? ?
86$ IRU K)ROORZLQJ WKH LQGLFDWHG WUHDWPHQW FHOO SUROLIHUDWLRQZDV PHDVXUHGXVLQJ D ? ? ?
FRPPHUFLDO %UG8 (/,6$ NLW 5RFKH %DVHO 6ZLW]HUODQG DFFRUGLQJ WR WKH PDQXIDFWXUHU¶V ? ? ?
LQVWUXFWLRQV ? ? ?
 ? ?

 ? ? ?
0DWULJHO'F\VWDVVD\V ? ? ?
2;FHOOV [ZHOOZHUHPL[HGZLWKO0DWULJHO %HFWRQ'LFNLQVRQ8.SODWHG ? ? ?
LQWRZHOOSODWHVLQWULSOLFDWHDQGLQFXEDWHGIRUPDW&WRDOORZWKHJHOWRVHW&HOOV ? ? ?
ZHUHFXOWXUHGIRUGLQWKHSUHVHQFHRUDEVHQFHRIQJPO15*RU+%(*)0HGLD ? ? ?
ZDV UHSODFHG HYHU\  G 7KH DYHUDJH F\VW DUHD ZDV FDOFXODWHG E\ PHDVXULQJ F\VW DUHDV LQ ? ? ?
LQGLYLGXDOZHOOVRQGD\VDQG$W OHDVWF\VWVZHUHPHDVXUHG LQ WULSOLFDWHZHOOVDW ? ? ?
HDFKWLPHSRLQW ? ? ?
 ? ? ?
3DWLHQWUHFUXLWPHQW ? ? ?
$OO SDUWLFLSDQWV JDYH WKHLU VLJQHG LQIRUPHG FRQVHQW DW WKH WLPH RI UHFUXLWPHQW  $'3.' ? ? ?
SDWLHQWVZHUHUHFUXLWHGWKURXJKWKH6KHIILHOG.LGQH\,QVWLWXWHDQGKHDOWK\QRUPDOYROXQWHHUV ? ? ?
ZHUH UHFUXLWHG IURP ODERUDWRU\ VWDII(WKLFDO DSSURYDO IRU WKLV VWXG\ZDVREWDLQHG IURP WKH ? ? ?
1DWLRQDO 5HVHDUFK (WKLFV 6HUYLFH &RPPLWWHH <RUNVKLUH 	 7KH +XPEHU  %UDGIRUG ? ? ?
5(&<+ )ROORZLQJ FROOHFWLRQ XULQH VDPSOHV ZHUH FHQWULIXJHG DW J IRU  ? ? ?
PLQDWR&&HOOSHOOHWVZHUHGLVFDUGHGDQGFHOOIUHHVXSHUQDWDQWVVWRUHGDWR&XQWLOIXUWKHU ? ? ?
DQDO\VLV ? ? ?
 ? ? ?
,VRODWLRQRI8ULQDU\([WUDFHOOXODU9HVLFOHV ? ? ?
8ULQDU\ H[WUDFHOOXODU YHVLFOHV 8(9V RU H[RVRPHV ZHUH LVRODWHG E\ GLIIHUHQWLDO ? ? ?
FHQWULIXJDWLRQDVSUHYLRXVO\UHSRUWHG,QEULHIPORIXULQHZDVLQLWLDOO\FHQWULIXJHGDW ? ? ?
J IRU  PLQ 7KH VXSHUQDWDQW ZDV UHWDLQHG DQG WKH SHOOHW UHVXVSHQGHG LQ  O ? ? ?
 ? ?

LVRODWLRQEXIIHUP06XFURVHP07ULHWKDQRODPLQHS+ORI''7WRUHGXFH ? ? ?
WKHKLJKO\DEXQGDQW7DPP+RUVIDOOSURWHLQ)ROORZLQJLQFXEDWLRQDWURRPWHPSHUDWXUHIRU ? ? ?
PLQ WKH VDPSOH ZDV EULHIO\ YRUWH[HG DQG FHQWULIXJHG DJDLQ DW J IRU  PLQ 7KLV ? ? ?
VXSHUQDWDQW ZDV WKHQ FRPELQHG ZLWK WKH LQLWLDO VXSHUQDWDQW DQG FHQWULIXJHG RQFH PRUH DW ? ? ?
JIRUPLQ7KHILQDOSHOOHWZDVUHVXVSHQGHGLQOO\VLVEXIIHUP07ULV ? ? ?
S+   P0 VRGLXP FKORULGH  7ULWRQ ;  VRGLXPGHR[\FKROLF DFLG DQG ? ? ?
SURWHDVHLQKLELWRUVRQLFHIRUK$SURWHLQDVVD\ZDVFDUULHGRXW WRQRUPDOLVHSURWHLQ ? ? ?
FRQFHQWUDWLRQSULRUWR6'63$*( ? ? ?
 ? ? ?
(OHFWURQ0LFURVFRS\ ? ? ?
(OHFWURQ PLFURVFRS\ ZDV FDUULHG RXW WR YLVXDOL]H WKH PRUSKRORJ\ RI WKH 8(96 LVRODWHG ? ? ?
%ULHIO\ WKH SHOOHW LVRODWHG ZDV ILUVW UHVXVSHQGHG LQ  O 3%6 DQG D VPDOO GURS RI WKLV ? ? ?
PL[WXUHZDVGHSRVLWHGRQPHVKQLFNHOJULGV1HJDWLYHVWDLQLQJRIWKHPHVKZDVFDUULHG ? ? ?
RXWXVLQJKHDY\PHWDOVDOW8UDQLXP$IWHUGU\LQJWKHQLFNHOJULGVZHUHYLVXDOL]HG ? ? ?
XVLQJD3KLOLSVHOHFWURQPLFURVFRSHRSHUDWHGDW.9 ? ? ?
 ? ? ?
6WDWLVWLFDO$QDO\VLV ? ? ?
'DWD DUH SUHVHQWHG DV PHDQ YDOXHV  6(0 6WXGHQW
V t WHVW RU $129$ ZHUH XVHG IRU ? ? ?
VWDWLVWLFDO DQDO\VLVZLWKDSYDOXHRI LQGLFDWLQJ VWDWLVWLFDO VLJQLILFDQFH7KHGHJUHHRI ? ? ?
VLJQLILFDQFHDVGHWHUPLQHGE\*UDSK3DG3ULVPVRIWZDUHLVGHQRWHGE\WKHIROORZLQJDVWHULVNV ? ? ?
3333  ? ? ?
 ? ?

5HVXOWV ? ? ?
3DUDOOHOP51$PL51$H[SUHVVLRQPLFURDUUD\SURILOLQJLQ$'3.'FHOOOLQHV ? ? ?
$SDUDOOHOP51$DQGPL51$H[SUHVVLRQPLFURDUUD\ZDVSHUIRUPHGWRLGHQWLI\GLIIHUHQWLDO ? ? ?
FKDQJHV LQ P51$PL51$ H[SUHVVLRQ OHYHOV LQ $'3.' FHOOV FRPSDUHG WR QRQ$'3.' ? ? ?
FRQWUROV :H WKHQ XVHG WKLV LQIRUPDWLRQ WR LGHQWLI\ SUHGLFWHG P51$PL51$ LQWHUDFWLRQV ? ? ?
ZKLFKFRXOGFRQWULEXWHWR$'3.'SDWKRJHQHVLV)LJ$7KHH[SUHVVLRQRIJHQHVZDV ? ? ?
VLJQLILFDQWO\ DOWHUHG EHWZHHQ FRQWURO DQG $'3.' FHOO OLQHV E\ PRUH WKDQ  IROG DQG  ? ? ?
PL51$VZHUHVLJQLILFDQWO\DOWHUHG,QWRWDOJHQHVZHUHVLJQLILFDQWO\XSUHJXODWHG)LJ ? ? ?
$ DQG  JHQHV )LJ % VLJQLILFDQWO\ GRZQUHJXODWHG LQ $'3.' FHOOV $OO WKH ? ? ?
VLJQLILFDQWO\ DOWHUHG PL51$V ZHUH GRZQUHJXODWHG LQ $'3.' FHOOV )LJ & 7KHVH ? ? ?
PL51$V LQ WXUQZHUHSUHGLFWHG WR WDUJHW JHQHV 7DUJHW6FDQDOJRULWKPRIZKLFK ? ? ?
JHQHVZHUHGLIIHUHQWLDOO\H[SUHVVHGLQWKHSDUDOOHOP51$PLFURDUUD\)XQFWLRQDOHQULFKPHQW ? ? ?
DQDO\VLVRIGLIIHUHQWLDOO\H[SUHVVHGJHQHV!IROGLQ$'3.'ZDVFDUULHGRXWXVLQJ3DQWKHU ? ? ?
SDWKZD\ DQDO\VLV VRIWZDUH KWWSZZZSDQWKHUGERUJ $ WRWDO RI  VLJQDOOLQJ SDWKZD\V ? ? ?
ZHUH VLJQLILFDQWO\ HQULFKHG IURP WKH OLVW RI JHQHV XSUHJXODWHG LQ $'3.' ZKHUHDV  ? ? ?
SDWKZD\VZHUHVLJQLILFDQWO\HQULFKHGIURPWKH OLVWRIJHQHVGRZQUHJXODWHGLQ$'3.')LJ ? ? ?
% 7KHVH LQFOXGHG SDWKZD\V UHSRUWHG WR EH DVVRFLDWHG ZLWK $'3.' LQFOXGLQJ FDGKHULQ ? ? ?
(*)UHFHSWRUIROGHQULFKPHQW:QWDQG*SURWHLQVLJQDOOLQJ2IWKH(UE%UHFHSWRUV ? ? ?
WKHRQO\UHFHSWRUVKRZLQJVLJQLILFDQWGLIIHUHQWLDOH[SUHVVLRQZDV(UE%aIROG ? ? ?
 ? ? ?
9DOLGDWLRQRIDQLQWHUDFWLRQEHWZHHQPLUESDQG(UE%P51$ ? ? ?
7KHGLIIHUHQWLDOLQFUHDVHLQ(UE%H[SUHVVLRQZDVILUVWFRQILUPHGE\7DTPDQT3&5VKRZLQJ ? ? ?
DPHDQIROGLQFUHDVHLQ$'3.'FRPSDUHGWRFRQWUROFHOOV)LJ$:HQRWHGWKDWRIWKH ? ? ?
 ? ?

GLIIHUHQWLDOO\H[SUHVVHGPL51$LGHQWLILHGPLUESZDVSUHGLFWHG WR UHJXODWH(UE% ? ? ?
WKLV DOVR EHLQJ WKH KLJKHVW UDQNHG JHQH LGHQWLILHG E\ D 7DUJHW6FDQ SUHGLFWLRQ DOJRULWKP ? ? ?
KWWSZZZWDUJHWVFDQRUJ 5HOHDVH  RI  SUHGLFWHG WDUJHWV )LJ ' &RQVLVWHQW ZLWK ? ? ?
WKHVH SUHGLFWLRQV PXOWLSOH LQGHSHQGHQW PL51$ WDUJHW SUHGLFWLRQ DOJRULWKPV ',$1$P7 ? ? ?
PL5DQGD PL5'% PL5:DON 51$K\EULG 7DUJHWVFDQ DQG 3,&7$5 LGHQWLILHG WZR ? ? ?
SRWHQWLDOPLUESELQGLQJVLWHVZLWKLQWKH¶875RI(UE% ? ? ?
:HQH[WYDOLGDWHGWKHUHGXFWLRQRIDUUD\PLUESH[SUHVVLRQLQ$'3.'FHOOVE\7DTPDQ ? ? ?
T3&5 VKRZLQJ D  IROG GHFUHDVH )LJ % 7R SURYLGH GLUHFW HYLGHQFH RI D IXQFWLRQDO ? ? ?
LQWHUDFWLRQ EHWZHHQ PLUES DQG (UE% P51$ ZH JHQHUDWHG D OXFLIHUDVH UHSRUWHU ? ? ?
SODVPLG SPLU*/2FRQWDLQLQJ D IUDJPHQWRI WKH(UE%¶875DQGPXWDWHG WKHSUHGLFWHG ? ? ?
PLUESVHHGVHTXHQFHLQDVHFRQGUHSRUWHUFRQVWUXFW)LJ&&RH[SUHVVLRQRIDPLU ? ? ?
ESPL51$PLPLFVLJQLILFDQWO\UHGXFHGOXFLIHUDVHDFWLYLW\LQWKHZLOGW\SHEXWKDGQR ? ? ?
HIIHFWRQWKHPXWDWHGVHTXHQFH)LJ')LQDOO\H[SUHVVLRQRIWKHPLUESPLPLFLQWKH ? ? ?
$'3.'FHOO OLQH 2; UHVXOWHG LQDVLJQLILFDQW UHGXFWLRQ LQHQGRJHQRXV(UE%P51$ ? ? ?
)LJ ( DQG (UE% SURWHLQ )LJ ) 7KHVH UHVXOWV SURYLGH WKH ILUVW HYLGHQFH WKDW (UE% ? ? ?
P51$LVSRWHQWLDOO\DWDUJHWRIPLUES ? ? ?
 ? ? ?
(UE%LVRYHUH[SUHVVHGLQ$'3.'FHOOOLQHVDVWZRGLVWLQFWLVRIRUPV ? ? ?
%\LPPXQREORWWLQJZHFRQILUPHG WKDWIXOOOHQJWK(UE%SURWHLQZHUH LQFUHDVHG LQDOO IRXU ? ? ?
$'3.' FHOO OLQHV WHVWHG EHLQJ DOPRVW XQGHWHFWDEOH LQ FRQWURO FHOOV )LJ $ 7KH ? ? ?
ERBB4JHQHKRZHYHU LVNQRZQ WRXQGHUJR DOWHUQDWLYH VSOLFLQJJHQHUDWLQJ VHYHUDO LVRIRUPV ? ? ?
GLIIHULQJLQWKHLU1WHUPLQLRU&WHUPLQL)LJ%)RULQVWDQFHWKHWZR&<7LVRIRUPVGLIIHU ? ? ?
LQD VWUHWFKRIDPLQRDFLGV LQ WKH&WHUPLQXVHQFRGHGE\DVLQJOHH[RQ &<7 WKDW LV ? ? ?
DEVHQW LQ &<7 7KLV VWUXFWXUDO GLIIHUHQFH FRQWULEXWHV WR GLIIHUHQWLDO VXEFHOOXODU WDUJHWLQJ ? ? ?
 ? ?

DQG HYHQ DQWDJRQLVWLF IXQFWLRQDO UHVSRQVHV PHGLDWHGE\ WKH WZR&<7 LVRIRUPV $SDUW ? ? ?
IURP WKH &<7 LVRIRUPV WLVVXHVSHFLILF DOWHUQDWLYH VSOLFLQJ FDQ JHQHUDWH -0D DQG -0E ? ? ?
LVRIRUPVGLIIHULQJLQWKHLUH[WUDFHOOXODUMX[WDPHPEUDQH-0GRPDLQDQGIXQFWLRQ ? ? ?
7RLQYHVWLJDWHWKHSRVVLELOLW\RIDQLVRIRUPVZLWFKLQ$'3.'573&5ZDVFDUULHGRXWXVLQJ ? ? ?
VSHFLILFSULPHUV IODQNLQJ WKHYDULDEOH UHJLRQVXVLQJF'1$ LVRODWHG IURP2;FHOOV )LJ ? ? ?
%$VDSRVLWLYHFRQWUROZHXVHGD-0D&<7SODVPLG)RUWKH-0UHJLRQWKHH[SHFWHG ? ? ?
VL]HVZHUHNE-0DDQGNE-0EUHVSHFWLYHO\$VLQJOHEDQGFRUUHVSRQGLQJWR ? ? ?
-0DNEZDVGHWHFWHGZLWKQRHYLGHQFHRI-0ENE)LJ&6LPLODUDQDO\VLV ? ? ?
XVLQJSULPHUV IODQNLQJ WKHF\WRSODVPLF VLWH UHYHDOHG WKDWERWK&<7DQG&<7 LVRIRUPV ? ? ?
ZHUHH[SUHVVHGZLWKDKLJKHUDEXQGDQFHRI&<73ULPHUVGHVLJQHGWRDFRQVHUYHG(UE% ? ? ?
PRWLILGHQWLILHGWKHVDPHFRQWUROEDQGLQERWKVDPSOHV2XUUHVXOWVUHYHDOWKHSUHVHQFHRIWZR ? ? ?
LVRIRUPV-0D&<7DQG-0D&<7 LQQRUPDODQG$'3.'FHOOVZLWKQRHYLGHQFHRI ? ? ?
DQLVRIRUPVZLWFK)LJ' ? ? ?
 ? ? ?
1XFOHDU(UE%H[SUHVVLRQLVLQFUHDVHGLQKXPDQ$'3.'NLGQH\VDQGLQDPkd1PRXVH ? ? ?
PRGHO ? ? ?
7KH H[SUHVVLRQ RI (UE% ZDV LQFUHDVHG LQ F\VW OLQLQJ HSLWKHOLDO FHOOV RI KXPDQ $'3.' ? ? ?
NLGQH\ VHFWLRQV FRPSDUHG WR FRQWURO NLGQH\ WLVVXH E\ LPPXQRKLVWRFKHPLVWU\ )LJ ( ? ? ?
6LJQLILFDQWO\ HOHYDWHG QXFOHDU ORFDOLVDWLRQ RI (UE% ZDV REVHUYHG LQ (UE% SRVLWLYH F\VWV ? ? ?
EODFNDUURZVLQGLFDWLQJLQFUHDVHGOHYHOVRI(UE%SURWHLQDQG&WHUPLQDOFOHDYDJH)LJ( ? ? ?
) :H QH[W DQDO\VHG (UE% H[SUHVVLRQ LQ D SUHYLRXVO\ UHSRUWHG LQGXFLEOH NLGQH\VSHFLILF ? ? ?
3NGPXWDQWPRXVHPRGHO)ROORZLQJLQGXFWLRQZLWKWDPR[LIHQDW31WKHVHDQLPDOV ? ? ?
VORZO\ GHYHORS D F\VWLF SKHQRW\SH ZLWK ODUJH F\VWV EHFRPLQJ DSSDUHQW  PRQWKV DIWHU ? ? ?
WDPR[LIHQLQGXFWLRQ,QDJUHHPHQWZLWKWKHKXPDQVWXGLHVWKHUHZDVDVLJQLILFDQWLQFUHDVHLQ ? ? ?
 ? ?

(UE% P51$ H[SUHVVLRQ LQ Cre;Pkd1del2–11,lox  PLFH LQGXFHG ZLWK 7DPR[LIHQ DW  PRQWKV ? ? ?
)LJ * 6LPLODUO\ (UE% VWDLQLQJ ZDV LQFUHDVHG LQ F\VW OLQLQJ HSLWKHOLDO FHOOV RI NLGQH\ ? ? ?
VHFWLRQV 7KH QXPEHU RI (UE% SRVLWLYH F\VWV LQFUHDVHG IROORZLQJ 3NG GHOHWLRQ ZLWK WKH ? ? ?
VWURQJHVW VWDLQLQJ DW  PRQWKV DIWHU WDPR[LIHQ LQGXFWLRQ  )LJ + ,Q DJUHHPHQW HOHYDWHG ? ? ?
QXFOHDU ORFDOLVDWLRQ LQ (UE% SRVLWLYH F\VWV ZDV VLJQLILFDQW IURP  PRQWKV DIWHU LQGXFWLRQ ? ? ?
)LJ , ,Q ERWK KXPDQ DQG PRXVH WLVVXH VHFWLRQV D PLQRULW\ RI F\VWV a VKRZHG QR ? ? ?
GHWHFWDEOH (UE% VWDLQLQJ DOWKRXJK LW ZDV QRW SRVVLEOH WR GLVWLQJXLVK WKHVH IURP SRVLWLYH ? ? ?
VWDLQHGF\VWVLQWHUPVRIVL]HRUWLPHIROORZLQJLQGXFWLRQ$WPRQWKVDVLJQLILFDQWGHFUHDVH ? ? ?
LQPLUESP51$ZDVGHWHFWDEOHLQCre;Pkd1del2–11,lox NLGQH\V)LJ- ? ? ?
 ? ? ?
,QFUHDVHG H[SUHVVLRQ RI FOHDYHG (UE% DQG GHFUHDVHG H[SUHVVLRQ RI PLUES LQ ? ? ?
KXPDQ$'3.'XULQDU\H[WUDFHOOXODUYHVLFOHV ? ? ?
7RFRQILUPWKDWWKHVHFKDQJHVDOVRRFFXUUHGin vivoZHLVRODWHGXULQDU\H[WUDFHOOXODUYHVLFOHV ? ? ?
8(9 IURP KHDOWK\ YROXQWHHUV Q  DQG $'3.' SDWLHQWV ZLWK HDUO\ H*)5 ? ? ?
!POPLQP Q  RU ODWH GLVHDVH H*)5 POPLQP Q  XVLQJ DQ ? ? ?
HVWDEOLVKHGSURWRFRO(OHFWURQPLFURVFRS\FRQILUPHGWKHSUHVHQFHRIPXOWLSOHQP ? ? ?
YHVLFOHV LQ WKH SHOOHWHG IUDFWLRQ )LJ $ 7KH H[RVRPHVSHFLILF SURWHLQ 76* ZDV ? ? ?
UHVWULFWHGWRWKHSHOOHWDQGWKHUHZDVFOHDUH[SUHVVLRQRIDTXDSRULQ$43LQERWKFHOOIUHH ? ? ?
XULQHDQGWKHSHOOHWLQGLFDWLQJWKHRULJLQRIVRPHYHVLFOHVIURPFROOHFWLQJGXFWV)LJ% ? ? ?
$Q(UE%SRVLWLYHEDQGZDVGHWHFWHGDWN'D LQ8(9V FRUUHVSRQGLQJ WR WKHNQRZQ& ? ? ?
WHUPLQDOLQWUDFHOOXODUGRPDLQ,&'JHQHUDWHGE\ȖVHFUHWDVHPHGLDWHGFOHDYDJH)LJ&$ ? ? ?
PLQRUEDQGDWN'DZDVDOVRREVHUYHGZKLFKFRXOGFRUUHVSRQGWRSURWHRO\WLFGHJUDGDWLRQ ? ? ?
RUUHSUHVHQWDQRQVSHFLILFEDQG([SUHVVLRQRIWKHN'DEDQGZDVVLJQLILFDQWO\LQFUHDVHGLQ ? ? ?
WKH8(9VRI$'3.'SDWLHQWVFRPSDUHGWRKHDOWK\FRQWUROVSDUWLFXODUO\LQSDWLHQWVZLWKODWH ? ? ?
 ? ?

GLVHDVHDVGHILQHGE\EDVHOLQHH*)5)LJ'(UE%H[SUHVVLRQDOVRFRUUHODWHGVLJQLILFDQWO\ ? ? ?
ZLWKWKHUDWHRIGHFOLQHLQH*)5DQGRXWSHUIRUPHGPHDQNLGQH\OHQJWK0./PHDVXUHGE\ ? ? ?
XOWUDVRXQG )LJ ( ,Q FRPELQDWLRQ (UE% DQG 0./ ZHUH DGGLWLYH LQ 52& DQDO\VLV ? ? ?
DFFRXQWLQJIRURI$8&S  ? ? ?
 ? ? ?
,QFUHDVHGOLJDQGGHSHQGHQWSUROLIHUDWLRQVLJQDOOLQJDQGF\VWJURZWKLQ$'3.'FHOOV ? ? ?
$WRWDORIOLJDQGVKDYHEHHQUHSRUWHGWRELQGWRPHPEHUVRIWKH(*)UHFHSWRUIDPLO\2I ? ? ?
WKHVH VHYHUDOKDYHEHHQVKRZQ WRDFWLYDWH(UE% LQFOXGLQJ WKHQHXUHJXOLQV 15* DQG ? ? ?
+%(*)+RZHYHU(UE%DFWLYDWLRQFDQVWLPXODWHRU LQKLELWSUROLIHUDWLRQ LQGLIIHUHQW ? ? ?
FHOOVSRVVLEO\GXHWRGLIIHUHQWLDOH[SUHVVLRQRI(UE%LVRIRUPV ? ? ?
7RGHWHUPLQHWKHIXQFWLRQDOFRQVHTXHQFHRI(UE%RYHUH[SUHVVLRQLQ$'3.'FHOOVZHILUVW ? ? ?
VWXGLHGWKHLUUHVSRQVHWR15*$VLJQLILFDQWLQFUHDVHLQ15*PHGLDWHGSUROLIHUDWLRQZDV ? ? ?
VHHQLQWKHPKD1FHOOOLQHVZLWKDOPRVWQRHIIHFWLQFRQWUROFHOOV)LJ$7KLVZDVPLUURUHG ? ? ?
E\VLJQLILFDQWLQFUHDVHVLQSKRVSKRU\ODWHG(UE%S(UE%LQUHVSRQVHWR15*)LJ% ? ? ?
6LQFHWKH2;OLQHVKRZHGWKHJUHDWHVWUHVSRQVHWR15*WKLVOLQHZDVXVHGIRUIXUWKHU ? ? ?
H[SHULPHQWV ? ? ?
7KH-0DLVRIRUPVRI(UE%DUHNQRZQWRXQGHUJRWZRVWHSZLVHSURWHRO\WLFFOHDYDJHHYHQWV ? ? ?
ZKHQ DFWLYDWHG JHQHUDWLQJ D VKHG 1WHUPLQDO HFWRGRPDLQ N'D E\ 7XPRXU 1HFURVLV ? ? ?
)DFWRU $OSKD &RQYHUWLQJ (Q]\PH 7$&( FOHDYDJH DQG D VROXEOH LQWUDFHOOXODU &WHUPLQDO ? ? ?
GRPDLQN'DE\WKHDFWLRQRIγVHFUHWDVH6HYHUDOGRZQVWUHDPVLJQDOOLQJSDWKZD\V ? ? ?
DUH NQRZQ WR EH DFWLYDWHG LQFOXGLQJ WKH 3,.$.7 SDWKZD\ FHOO VXUYLYDO 67$7  ? ? ?
PDPPDU\GHYHORSPHQW5DV(5.DQG3/&ȖSDWKZD\VFHOOSUROLIHUDWLRQ$FFRUGLQJO\ ? ? ?
 ? ?

DVLJQLILFDQWO\JUHDWHULQFUHDVHLQS(5.DQGS$.7ZDVREVHUYHGLQ$'3.'2;FHOOV ? ? ?
LQUHVSRQVHWR15*FRPSDUHGWRFRQWURO8&/FHOOV)LJ& ? ? ?
$VPDOOVLQJOHFHQWUHVWXG\UHFHQWO\UHSRUWHGWKDWXULQDU\+%(*)H[FUHWLRQZDVLQFUHDVHGLQ ? ? ?
DFRKRUWRI$'3.'SDWLHQWVDQGVKRZHGDSRVLWLYHFRUUHODWLRQZLWKPRUHDGYDQFHGGLVHDVHLH ? ? ?
ORZHU*)5DQGKLJKHUWRWDONLGQH\YROXPHV,QFRQWUDVWXULQDU\(*)DQG7*)αOHYHOV ? ? ?
GHFUHDVHGZLWKLQFUHDVLQJGLVHDVHVHYHULW\,QFXEDWLRQZLWK+%(*)VLPLODUWR15*ZDV ? ? ?
DVVRFLDWHGZLWKDQLQFUHDVHLQSKRVSKRU\ODWHG(UE%LQ$'3.'FHOOV2;VXJJHVWLQJD ? ? ?
SRWHQWLDO UROH LQ DFWLYDWLQJ (UE% LQ $'3.' FHOOV )LJ ' 7KH HIIHFW RI ERWK (UE% ? ? ?
OLJDQGVRQF\VWJURZWKZDVWKHUHIRUHVWXGLHGLQ'F\VWDVVD\V2;FHOOVVSRQWDQHRXVO\ ? ? ?
IRUPF\VWOLNHVWUXFWXUHVZLWKZHOOGHYHORSHGOXPHQZKHQFXOWXUHGLQPDWULJHO%RWK15* ? ? ?
DQG+%(*)VLJQLILFDQWO\ LQFUHDVHGF\VWJURZWK LQ2;FHOOV DV PHDVXUHGE\ WRWDO F\VW ? ? ?
DUHDLQ'F\VWDVVD\V)LJ(7KHVHUHVXOWVFRQILUPWKDWOLJDQGDFWLYDWHG(UE%VLJQDOOLQJ ? ? ?
LVOLNHO\WREHDSDWKRJHQLFIDFWRULQ$'3.'F\VWH[SDQVLRQE\SURPRWLQJFHOOVXUYLYDODQG ? ? ?
VWLPXODWLQJFHOOSUROLIHUDWLRQ ? ? ?
 ? ? ?
,QKLELWLRQRI(UE%UHGXFHVSUROLIHUDWLRQLQ$'3.'FHOOV ? ? ?
2YHUH[SUHVVLRQ RI (UE% LQ FRQWURO 8&/ FHOOV VLJQLILFDQWO\ LQFUHDVHG EDVDO FHOO ? ? ?
SUROLIHUDWLRQVKRZLQJWKDWLQFUHDVLQJ(UE%H[SUHVVLRQDORQHZDVVXIILFLHQWWRLQGXFHDSUR ? ? ?
SUROLIHUDWLYHSKHQRW\SH)LJ$&RQYHUVHO\VL51$NQRFNGRZQRI(UE%LQ2;FHOOV ? ? ?
LQKLELWHGFHOOSUROLIHUDWLRQFRPSDUHGWRFRQWUROVL51$WUHDWHGFHOOV)LJ%& ? ? ?
$SDQ(UE%LQKLELWRU-1-ZKLFK LQKLELWV(UE%(UE%DQG(UE%,& ? ? ?
Q0UHGXFHGSUROLIHUDWLRQRI2;FHOOVEXWKDGQRHIIHFWRQ8&/FHOOVDWWKHVDPH ? ? ?
 ? ?

GRVHV)LJ'7KHVHUHVXOWVDUHFRQVLVWHQWZLWKWKHVSHFLILFLW\RI-1-RQ(UE% ? ? ?
GULYHQFDQFHUFHOOOLQHVEXWLWVODFNRIHIIHFWLQQRQ(UE%OLQHV ? ? ?
$OWKRXJK(UE%(UE%DQG(UE%ZHUHQRWGLIIHUHQWLDOO\ H[SUHVVHG LQ WKH$'3.'FHOOV ? ? ?
ZHGHFLGHGWRXWLOLVHDQ(UE%VSHFLILFLQKLELWRU\DQWLERG\WRLVRODWHDQ(UE%VSHFLILFUROH ? ? ?
LQ WKHVH FHOOV    (UE% VHOHFWLYH EORFNDGH UHGXFHG EDVDO SUROLIHUDWLRQ LQ 2; ? ? ?
FHOOVWRWKDWVHHQLQ8&/FRQWUROFHOOV)LJ(ZKHUHDVDQLUUHOHYDQW,J*FRQWURODQWLERG\ ? ? ?
KDGQRHIIHFW )LJ)7KHVHUHVXOWVGHPRQVWUDWH WKDW(UE%DFWLYDWLRQFRXOGFRQWULEXWH WR ? ? ?
WKHLQFUHDVHGSUROLIHUDWLRQUDWHRI$'3.'FHOOVSUREDEO\WKURXJKWKHDFWLRQRIHQGRJHQRXV ? ? ?
OLJDQGVVXFKDV15*DQG+%(*)  ? ? ?
 ? ?

'LVFXVVLRQ ? ? ?
,QWKLVSDSHUZHUHSRUWWKHLGHQWLILFDWLRQRI(UE%DVDSRWHQWLDOQHZELRPDUNHURIGLVHDVH ? ? ?
DFWLYLW\DQGDQHZWKHUDSHXWLFWDUJHWLQ$'3.'3DUDOOHOGLVFRYHU\PLFURDUUD\SURILOLQJLQD ? ? ?
SDQHO RI KXPDQ $'3.' FHOO OLQHV SUHYLRXVO\ VKRZQ WR H[SUHVV JHUPOLQH DQG VRPDWLF ? ? ?
PXWDWLRQV LQ PKD1 EXW QRW PKD2  LGHQWLILHG D WRWDO RI  GLIIHUHQWLDOO\ H[SUHVVHG ? ? ?
JHQHVLQ$'3.'FHOOVPDSSLQJWRVHYHUDOSDWKZD\VSUHYLRXVO\LPSOLFDWHG LQ$'3.':H ? ? ?
DOVRLGHQWLILHGPL51$VWKDWZHUHVLJQLILFDQWO\GRZQUHJXODWHGLQ$'3.'FHOOV ? ? ?
7KH (*)(UE% UHFHSWRU IDPLO\ KDV EHHQ SUHYLRXVO\ LPSOLFDWHG LQ H[SHULPHQWDO PRGHOV RI ? ? ?
$'3.'7KH(UE%UHFHSWRUIDPLO\KDVIRXUPHPEHUV(*)5(UE%(UE%+(5QHX ? ? ?
(UE%+(5DQG(UE%+(5ZKLFKEHORQJWRWKHUHFHSWRUW\URVLQHNLQDVHVXSHUIDPLO\$ ? ? ?
WRWDORISXWDWLYHOLJDQGVZLWKGLIIHUHQWUHFHSWRUVHOHFWLYLW\WRWKH(UE%UHFHSWRUVKDYHEHHQ ? ? ?
UHSRUWHGZLWKWKHH[FHSWLRQRI(UE%7KHFRPSOH[LW\RI(*)(UE%VLJQDOOLQJLVIXUWKHU ? ? ?
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SK\VLRORJLFDOLPSRUWDQFHRIWKH(*)UHFHSWRUGXULQJNLGQH\GHYHORSPHQWUHSDLUDQGWXEXODU ? ? ?
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VHHEHORZGHOHWLRQRI WKH ? ? ?
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 ? ?

2XU UHVXOWV SRLQW WR WKH SRVVLELOLW\ RI WDUJHWLQJ (UE% WR UHWDUG F\VW JURZWK DQG GLVHDVH ? ? ?
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 +DUVNDPS/5*DQVHYRRUW57%RHUWLHQ:(YDQ2HYHUHQ:(QJHOV*(YDQ ? ? ?
*RRU+DQG0HLMHU(8ULQDU\(*)5HFHSWRU/LJDQG([FUHWLRQLQ3DWLHQWVZLWK$XWRVRPDO ? ? ?
'RPLQDQW3RO\F\VWLF.LGQH\'LVHDVHDQG5HVSRQVHWR7ROYDSWDQClin J Am Soc Nephrol  ? ? ?
 ? ? ?
 +DUVNDPS/5*DQVHYRRUW57YDQ*RRU+DQG0HLMHU(7KHHSLGHUPDOJURZWK ? ? ?
IDFWRUUHFHSWRUSDWKZD\LQFKURQLFNLGQH\GLVHDVHVNat Rev Nephrol  ? ? ?
 +ROOPHQ00DDWWD-$%DOG/6OLZNRZVNL0;DQG(OHQLXV.6XSSUHVVLRQRI ? ? ?
EUHDVW FDQFHU FHOO JURZWK E\ D PRQRFORQDO DQWLERG\ WDUJHWLQJ FOHDYDEOH (UE% LVRIRUPV ? ? ?
Oncogene  ? ? ?
 -LDQJ67&KLRX<<:DQJ(/LQ+./LQ<7&KL<&:DQJ&.7DQJ0- ? ? ?
DQG/L+'HILQLQJDOLQNZLWKDXWRVRPDOGRPLQDQWSRO\F\VWLFNLGQH\GLVHDVHLQPLFHZLWK ? ? ?
FRQJHQLWDOO\ORZH[SUHVVLRQRI3NGAm J Pathol  ? ? ?
 /DQWLQJDYDQ /HHXZHQ ,6 /HRQKDUG :1 YDQ GHU :DO $ %UHXQLQJ 0+ GH ? ? ?
+HHU ( DQG 3HWHUV '- .LGQH\VSHFLILF LQDFWLYDWLRQ RI WKH 3NG JHQH LQGXFHV UDSLG F\VW ? ? ?
IRUPDWLRQLQGHYHORSLQJNLGQH\VDQGDVORZRQVHWRIGLVHDVHLQDGXOWPLFHHum Mol Genet  ? ? ?
 ? ? ?
 ? ?

 /HRQKDUG:1YDQGHU:DO$1RYDOLF=.XQQHQ6-*DQVHYRRUW57%UHXQLQJ ? ? ?
0+ GH +HHU ( DQG 3HWHUV '- &XUFXPLQ LQKLELWV F\VWRJHQHVLV E\ VLPXOWDQHRXV ? ? ?
LQWHUIHUHQFHRI PXOWLSOH VLJQDOLQJSDWKZD\V LQYLYR HYLGHQFH IURP D3NGGHOHWLRQ PRGHO ? ? ?
Am J Physiol Renal Physiol ) ? ? ?
 0DR = &KRQJ - DQG 2QJ $& $XWRVRPDO GRPLQDQW SRO\F\VWLF NLGQH\ GLVHDVH ? ? ?
UHFHQWDGYDQFHVLQFOLQLFDOPDQDJHPHQWF1000Res  ? ? ?
 0XUDRND&RRN 56 6DQGDKO 0 +XVWHG & +XQWHU ' 0LUDJOLD / )HQJ 60 ? ? ?
(OHQLXV.DQG(DUS+6UG7KHLQWUDFHOOXODUGRPDLQRI(UE%LQGXFHVGLIIHUHQWLDWLRQRI ? ? ?
PDPPDU\HSLWKHOLDOFHOOVMol Biol Cell  ? ? ?
 0XUDRND&RRN 56 6DQGDKO 0$ 6WUXQN .( 0LUDJOLD /& +XVWHG & +XQWHU ? ? ?
'0 (OHQLXV . &KRGRVK /$ DQG (DUS +6 UG (UE% VSOLFH YDULDQWV &\W DQG &\W ? ? ?
GLIIHUE\DPLQRDFLGVDQGH[HUWRSSRVLQJHIIHFWVRQWKHPDPPDU\HSLWKHOLXPLQYLYRMol  ? ? ?
Cell Biol  ? ? ?
 1HPR50XUFLD1DQG'HOO.07UDQVIRUPLQJJURZWKIDFWRUDOSKD7*)DOSKD ? ? ?
DQG RWKHU WDUJHWV RI WXPRU QHFURVLV IDFWRUDOSKD FRQYHUWLQJ HQ]\PH 7$&( LQ PXULQH ? ? ?
SRO\F\VWLFNLGQH\GLVHDVHPediatr Res  ? ? ?
 1HZE\/-6WUHHWV$-=KDR<+DUULV3&:DUG&-DQG2QJ$&,GHQWLILFDWLRQ ? ? ?
FKDUDFWHUL]DWLRQDQGORFDOL]DWLRQRIDQRYHONLGQH\SRO\F\VWLQSRO\F\VWLQFRPSOH[J Biol  ? ? ?
Chem  ? ? ?
 2QJ $& 'HYX\VW 2 .QHEHOPDQQ % :DO] * DQG 'LVHDVHV ((:*I,. ? ? ?
$XWRVRPDO GRPLQDQW SRO\F\VWLFNLGQH\ GLVHDVH WKH FKDQJLQJ IDFH RI FOLQLFDO PDQDJHPHQW ? ? ?
Lancet  ? ? ?
 2QJ $& :DUG &- %XWOHU 5- %LGGROSK 6 %RZNHU & 7RUUD 5 3HL < DQG ? ? ?
+DUULV 3& &RRUGLQDWH H[SUHVVLRQ RI WKH DXWRVRPDO GRPLQDQW SRO\F\VWLF NLGQH\ GLVHDVH ? ? ?
SURWHLQVSRO\F\VWLQDQGSRO\F\VWLQLQQRUPDODQGF\VWLFWLVVXHAm J Pathol  ? ? ?
 ? ? ?
 ? ?

 3DQGH\34LQ6+R-=KRX-DQG.UHLGEHUJ-$6\VWHPVELRORJ\DSSURDFKWR ? ? ?
LGHQWLI\ WUDQVFULSWRPH UHSURJUDPPLQJ DQG FDQGLGDWH PLFUR51$ WDUJHWV GXULQJ WKH ? ? ?
SURJUHVVLRQRISRO\F\VWLFNLGQH\GLVHDVHBMC Syst Biol  ? ? ?
 3DUNHU(1HZE\/-6KDUSH&&5RVVHWWL66WUHHWV$-+DUULV3&2
+DUH0- ? ? ?
DQG 2QJ $& +\SHUSUROLIHUDWLRQ RI 3.' F\VWLF FHOOV LV LQGXFHG E\ LQVXOLQOLNH JURZWK ? ? ?
IDFWRUDFWLYDWLRQRIWKH5DV5DIVLJQDOOLQJV\VWHPKidney Int  ? ? ?
 3LVLWNXQ76KHQ5)DQG.QHSSHU0$ ,GHQWLILFDWLRQDQGSURWHRPLFSURILOLQJRI ? ? ?
H[RVRPHVLQKXPDQXULQHProc Natl Acad Sci U S A  ? ? ?
 5LFKDUGV:*6ZHHQH\:(<RGHU%.:LONLQVRQ-(:R\FKLN53DQG$YQHU ? ? ?
(' (SLGHUPDO JURZWK IDFWRU UHFHSWRU DFWLYLW\ PHGLDWHV UHQDO F\VW IRUPDWLRQ LQ SRO\F\VWLF ? ? ?
NLGQH\GLVHDVHJ Clin Invest  ? ? ?
 5LHVH '- QG DQG 6WHUQ ') 6SHFLILFLW\ ZLWKLQ WKH (*) IDPLO\(UE% UHFHSWRU ? ? ?
IDPLO\VLJQDOLQJQHWZRUNBioessays  ? ? ?
 5REHUWV 7& DQG :RRG 0- 7KHUDSHXWLF WDUJHWLQJ RI QRQFRGLQJ 51$V Essays  ? ? ?
Biochem  ? ? ?
 6WDUU$*UHLI-9H[OHU$$VKNHQD]\9RJKHUD0*ODGHVK95XELQ&.HUEHU ? ? ?
* 0DUPRU 6 /HY$UL 6 ,QEDU 0 <DUGHQ < DQG %HQ<RVHI 5 (UE% LQFUHDVHV WKH ? ? ?
SUROLIHUDWLRQSRWHQWLDORIKXPDQOXQJFDQFHUFHOOVDQGLWVEORFNDJHFDQEHXVHGDVDWDUJHWIRU ? ? ?
DQWLFDQFHUWKHUDS\Int J Cancer  ? ? ?
 6XQGYDOO03HUL/0DDWWD-$7YRURJRY'3DDWHUR,6DYLVDOR06LOYHQQRLQHQ ? ? ?
2 <DUGHQ < DQG (OHQLXV . 'LIIHUHQWLDO QXFOHDU ORFDOL]DWLRQ DQG NLQDVH DFWLYLW\ RI ? ? ?
DOWHUQDWLYH(UE%LQWUDFHOOXODUGRPDLQVOncogene  ? ? ?
 6XQGYDOO09HLNNRODLQHQ9.XUSSD.6DODK=7YRURJRY'YDQ=RHOHQ(- ? ? ?
$THLODQ 5 DQG (OHQLXV . &HOO GHDWK RU VXUYLYDO SURPRWHG E\ DOWHUQDWLYH LVRIRUPV RI ? ? ?
(UE%Mol Biol Cell  ? ? ?
 ? ?

 6ZHHQH\ :( &KHQ < 1DNDQLVKL . )URVW 3 DQG $YQHU (' 7UHDWPHQW RI ? ? ?
SRO\F\VWLFNLGQH\GLVHDVHZLWKDQRYHOW\URVLQHNLQDVHLQKLELWRUKidney Int  ? ? ?
 7LGFRPEH + -DFNVRQ)LVKHU $ 0DWKHUV . 6WHUQ ') *DVVPDQQ 0 DQG ? ? ?
*ROGLQJ-31HXUDODQGPDPPDU\JODQGGHIHFWVLQ(UE%NQRFNRXWPLFHJHQHWLFDOO\UHVFXHG ? ? ?
IURPHPEU\RQLFOHWKDOLW\Proc Natl Acad Sci U S A  ? ? ?
 7RUUHV9(6ZHHQH\:(-U:DQJ;4LDQ4+DUULV3&)URVW3DQG$YQHU ? ? ?
(' (*) UHFHSWRU W\URVLQH NLQDVH LQKLELWLRQ DWWHQXDWHV WKH GHYHORSPHQW RI 3.' LQ ? ? ?
+DQ635'UDWVKidney Int  ? ? ?
 7RUUHV9(6ZHHQH\:(-U:DQJ;4LDQ4+DUULV3&)URVW3DQG$YQHU ? ? ?
('(SLGHUPDOJURZWKIDFWRUUHFHSWRUW\URVLQHNLQDVHLQKLELWLRQLVQRWSURWHFWLYHLQ3&.UDWV ? ? ?
Kidney Int  ? ? ?
 7UDQJ 3 :LJJLQV -) 'DLJH &/ &KR & 2PRWROD 0 %URZQ ' :HLGKDDV -% ? ? ?
%DGHU$*DQG6ODFN)-6\VWHPLFGHOLYHU\RIWXPRUVXSSUHVVRUPLFUR51$PLPLFVXVLQJD ? ? ?
QHXWUDOOLSLGHPXOVLRQLQKLELWVOXQJWXPRUVLQPLFHMol Ther  ? ? ?
 9HLNNRODLQHQ91DLOODW)5DLOR$&KL/0DQQLQHQ$+RKHQVWHLQ3+DVWLH1 ? ? ?
9DLQLR6DQG(OHQLXV.(UE%PRGXODWHVWXEXODUFHOOSRODULW\DQGOXPHQGLDPHWHUGXULQJ ? ? ?
NLGQH\GHYHORSPHQWJ Am Soc Nephrol  ? ? ?
 9HLNNRODLQHQ99DSDUDQWD.+DONLODKWL.,OMLQ.6XQGYDOO0DQG(OHQLXV. ? ? ?
)XQFWLRQRI(5%%LVGHWHUPLQHGE\DOWHUQDWLYHVSOLFLQJCell Cycle  ? ? ?
 9H[OHU$/LGDZL*/RHZ9%DUQHD,.DUDXVK9/HY$UL66KWDEVN\$DQG ? ? ?
%HQ<RVHI 5 $QWL(5%E WDUJHWHG WKHUDS\ FRPELQHG ZLWK UDGLDWLRQ WKHUDS\ LQ SURVWDWH ? ? ?
FDQFHU5HVXOWVRILQYLWURDQGLQYLYRVWXGLHVCancer Biol Ther  ? ? ?
 :DOL9%*LOPRUH+HEHUW00DPLOODSDOOL5+DVNLQV-:.XUSSD.-(OHQLXV ? ? ?
.%RRWK&-DQG6WHUQ')2YHUH[SUHVVLRQRI(5%%-0D&<7DQG&<7LVRIRUPV ? ? ?
LQ WUDQVJHQLF PLFH UHYHDO LVRIRUPVSHFLILF UROHV LQ PDPPDU\ JODQG GHYHORSPHQW DQG ? ? ?
FDUFLQRJHQHVLVBreast Cancer Res  ? ? ?
 ? ?

 ;XH:'DKOPDQ-(7DPPHOD7.KDQ2)6RRG6'DYH$&DL:&KLULQR ? ? ?
/0<DQJ*5%URQVRQ5&URZOH\'*6DKD\*6FKURHGHU$/DQJHU5$QGHUVRQ ? ? ?
'*DQG-DFNV76PDOO51$FRPELQDWLRQWKHUDS\IRUOXQJFDQFHUProc Natl Acad Sci U S  ? ? ?
A ( ? ? ?
 =HQJ)0L\D]DZD7.ORHSIHU/$DQG+DUULV5&'HOHWLRQRI(UE%DFFHOHUDWHV ? ? ?
SRO\F\VWLFNLGQH\GLVHDVHSURJUHVVLRQLQFSNPLFHKidney Int  ? ? ?
 =HQJ ) ;X - DQG +DUULV 5& 1HGG PHGLDWHV (UE% -0D&<7 ,&' ? ? ?
XELTXLWLQDWLRQDQGGHJUDGDWLRQLQ0'&.,,FHOOVFASEB J  ? ? ?
 =HQJ)=KDQJ0=6LQJK$%=HQW5DQG+DUULV5&(UE%LVRIRUPVVHOHFWLYHO\ ? ? ?
UHJXODWHJURZWKIDFWRULQGXFHG0DGLQ'DUE\FDQLQHNLGQH\FHOOWXEXORJHQHVLVMol Biol Cell  ? ? ?
 ? ? ?
 ? ? ?
  ? ? ?
 ? ?

)LJXUH/HJHQGV ? ? ?
)LJ3DUDOOHOP51$PL51$H[SUHVVLRQPLFURDUUD\SURILOLQJLQ$'3.'FHOOOLQHV ? ? ?
$6\VWHPDWLFZRUNIORZXVHG WRDQDO\VHSDUDOOHOP51$PL51$FKDQJHVEHWZHHQFRQWURO ? ? ?
Q  DQG $'3.' GHULYHG F\VWLF FHOO OLQHV Q  % 3DWKZD\ HQULFKPHQW DQDO\VLV ZDV ? ? ?
FDUULHGRXWRQWKHVLJQLILFDQWO\DOWHUHGSE\77HVWJHQHVZKLFKZHUHXSRUGRZQ ? ? ?
UHJXODWHG E\ ! IROG LQ $'3.' FHOO OLQHV XVLQJ WKH 3DQWKHU FODVVLILFDWLRQ V\VWHP ? ? ?
KWWSZZZSDQWKHUGERUJ ? ? ?
)LJ'LIIHUHQWLDOH[SUHVVLRQRIP51$VDQGPL51$VLQ$'3.'F\VWLFFHOOOLQHV ? ? ?
$'LIIHUHQWLDOH[SUHVVLRQRIWKHWRSJHQHVXSUHJXODWHGLQ$'3.'FHOOOLQHVH[SUHVVHG ? ? ?
DVDKHDWPDS7KHKHDWPDSZDVSURGXFHGE\FOXVWHULQJWKHGDWDPDWUL[RIWKHWRSJHQHVLQ ? ? ?
*HQHVSULQJ; $JLOHQW 86$$QDO\VLV RI GLIIHUHQWLDO H[SUHVVLRQ E\77HVWZDV FDUULHGRXW ? ? ?
XVLQJ$JLOHQW*HQH6SULQJ*;VRIWZDUHDQGSYDOXHV!ZHUHGHILQHGDVVLJQLILFDQW% ? ? ?
'LIIHUHQWLDOH[SUHVVLRQRIWKHWRSJHQHVGRZQUHJXODWHGLQ$'3.'FHOOOLQHVH[SUHVVHGDV ? ? ?
DKHDWPDS7KHKHDWPDSZDVSURGXFHGE\FOXVWHULQJ WKHGDWDPDWUL[RI WKH WRSJHQHV LQ ? ? ?
*HQHVSULQJ; $JLOHQW 86$$QDO\VLV RI GLIIHUHQWLDO H[SUHVVLRQ E\77HVWZDV FDUULHGRXW ? ? ?
XVLQJ$JLOHQW*HQH6SULQJ*;VRIWZDUHDQGSYDOXHV!ZHUHGHILQHGDVVLJQLILFDQW& ? ? ?
'LIIHUHQWLDOH[SUHVVLRQRIWKHVLJQLILFDQWO\DOWHUHGPL51$VLQ$'3.'FHOOOLQHVH[SUHVVHG ? ? ?
DV D KHDWPDS 7KH KHDWPDS ZDV SURGXFHG E\ FOXVWHULQJ WKH GDWD PDWUL[ RI WKH DOWHUHG ? ? ?
PL51$VLQ*HQHVSULQJ;$JLOHQW86$$QDO\VLVRIGLIIHUHQWLDOH[SUHVVLRQE\77HVWZDV ? ? ?
FDUULHG RXW XVLQJ $JLOHQW *HQH6SULQJ *; VRIWZDUH DQG SYDOXHV ! ZHUH GHILQHG DV ? ? ?
VLJQLILFDQW ' 'LIIHUHQWLDO H[SUHVVLRQ RI WKH WRS  JHQHV SUHGLFWHG WR EH WDUJHWV RI PLU ? ? ?
ESE\7DUJHWVFDQDOJRULWKPZKLFKZHUHXSUHJXODWHGLQ$'3.'FHOOOLQHVH[SUHVVHGDV ? ? ?
DKHDWPDS7KHKHDWPDSZDVSURGXFHGE\FOXVWHULQJ WKHGDWDPDWUL[RI WKH WRSJHQHV LQ ? ? ?
*HQHVSULQJ;$JLOHQW86$ ? ? ?
 ? ?

)LJ(UE%H[SUHVVLRQLVLQFUHDVHGLQ$'3.'FHOOVDQGLVDGLUHFWWDUJHWIRUPLUE ? ? ?
S ? ? ?
$7DTPDQT3&5DVVD\VIRU(UE%VKRZDVLJQLILFDQWLQFUHDVHLQH[SUHVVLRQRIWUDQVFULSWLQ ? ? ?
$'3.'GHULYHGFHOOOLQHVQ FRPSDUHGWRFRQWUROFHOOOLQHVQ UHSUHVHQWLQJDIROG ? ? ?
FKDQJH UHODWLYH WR FRQWURO % 7DTPDQ T3&5 DVVD\V IRU PLUES VKRZ D VLJQLILFDQW ? ? ?
UHGXFWLRQLQH[SUHVVLRQRIWUDQVFULSWLQ$'3.'GHULYHGFHOOOLQHVQ FRPSDUHGWRFRQWURO ? ? ?
FHOOOLQHVQ UHSUHVHQWLQJDIROGFKDQJHRIUHODWLYHWRFRQWURO&,GHQWLILFDWLRQRI ? ? ?
WKH VHTXHQFH ZLWKLQ WKH ¶875 RI (UE% EHWZHHQ QW UHFRJQLVHG E\ WKH PLUES ? ? ?
VHHGVHTXHQFH&&**8&$7KHEDVHSDLUV LQ(UE%SUHGLFWHG WRGLVUXSWELQGLQJRIPLU ? ? ?
ES DQG ZKLFK ZHUH PXWDWHG DUH VKRZQ LQ LWDOLFV ' (UE% SPLU*/2 (UE% RU ? ? ?
PXWDWHG(UE%¶875SPLU*/2P(UE%ZDVFORQHGLQWRDSPLU*/2OXFLIHUDVHUHSRUWHU ? ? ?
YHFWRUDQG WUDQVIHFWHG LQWR+(.FHOOV+(.FHOOVZHUHFRWUDQVIHFWHGZLWKFRQWURO ? ? ?
RUPLUESPL51$PLPLFVDWDQGQ0$VLJQLILFDQWUHGXFWLRQLQOXFLIHUDVHDFWLYLW\ ? ? ?
ZDVVHHQ LQFHOOV WUDQVIHFWHGZLWK(UE%¶875DQGDPLUESPLPLFEXWQRW LQ FHOOV ? ? ?
WUDQVIHFWHGZLWKPXWDWHG(UE%¶875$QHJDWLYHQRQWDUJHWLQJPL51$FRQWUROPLPLFKDG ? ? ?
QR HIIHFW RQ OXFLIHUDVH DFWLYLW\ ( 7DTPDQ T3&5 DVVD\V IRU (UE% VKRZ D VLJQLILFDQW ? ? ?
GHFUHDVHLQH[SUHVVLRQRIWKHHQGRJHQRXVP51$WUDQVFULSWLQ2;FHOOVZKHQWUDQVIHFWHG ? ? ?
ZLWKQ0PLUEPLPLFQ UHODWLYHWRFHOOVWUDQVIHFWHGZLWKQ0VFUDPEOHGQHJDWLYH ? ? ?
FRQWURO PLPLF Q  UHSUHVHQWLQJ D IROG FKDQJH RI  UHODWLYH WR FRQWURO ) ? ? ?
7UDQVIHFWLRQ RI +(. FHOOV ZLWK D PLU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Q 1XFOHDUORFDOLVDWLRQ ? ? ?
RI(UE%ZDVGHWHFWHGLQ(UE%SRVLWLYHF\VWVEODFNDUURZV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 ,PPXQREORWWLQJRIFHOOIUHH ? ? ?
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